Abstract--The adsorption of Sn(IV)TPyP (mesotetrapyridylporphyrin) in sodium hectorite was studied using ultraviolet-visible and luminescence spectroscopy. The adsorbed complex was found to demetallate forming the TPyP dication as the clay is dehydrated. This process was found to be reversible indicating that the Sn 4+ ion remains in the vicinity of the porphyrin upon demetallation. The luminescence spectrum of the adsorbed complex was found to be a composite of the Sn(IV)TPyP and the dication spectra. The presence of a band at 750 nm in the luminescence spectrum of the adsorbed species suggested an enhanced interaction between the 7r-systems of the pyridyl substituents and the porphin nucleus. This is believed to result from a decrease in the dihedral angle between the nucleus and the substituents when they are squeezed between the clay sheets.
INTRODUCTION
Recently , adsorption of mesosubstituted porphyrins and their reactivity in the interlamellar space of smectites were studied in two respects. The first of these is their ability to react with exchangeable cations, and the second is the stability of some metallo porphyrins (Fe 3 § Sn 4+) on the clay surface. Upon adsorption, weak complexes such as Fe(III) TPP (TPP = mesotetraphenyl porphyrin) are irreversibly demetallated and protonated, whereas a strongly acid-resistant metallo complex such as Sn(IV)TPP can be adsorbed with only partial demetallation if enough water is present in the clay.
Mesotetrapyridylporphyrin (TPyP) complexes are usually more stable than the corresponding TPP analogues because the pyridyl substituents act as a sink for surface protons. An X-ray photoelectron spectroscopy (XPS) study of these systems indicated that Sn(IV)TPyP demetallates completely when the clay is highly dehydrated in the XPS spectrometer (Canesson et al., 1978) . Indeed, the source of acidity causing the demetallationprotonation reactions that take place in the clay is the adsorbed water, and it is now well established that decreasing the water content increases the proton concentration within the interlamellar space (Fripiat et al., 1965) .
The equilibria involved in these processes are schematically represented in Figure 1 . Here the exterior protons are those attached to the pyridyl nitrogens while the interior ones are bonded to the pyrrole nitrogens. Equilibrium I is considered to be shifted completely toward the protonated metallocomplex in the clay because of the relatively high pK of the pyridyl substituents and the strong acidity of the clay surface (Canesson et al., 1978; Fripiat et al., 1965; Fleischer and Webb, 1963 The aim of the present contribution is to report the results of a more quantitative study of the protonationdemetallation equilibria, II and III, of Sn(IV)TPyP on hectorite as a function of the amount of interlamellar water and to report the photoluminescence spectra of the complex adsorbed on a clay surface. These, in addition to ultraviolet-visible (UV-Vis) and infrared (IR) spectra, were the main tools used in studying the equilibria involved. EXPERIMENTAL Sn(IV)TPyP was prepared according to the method described by Adler et al. (1970) . Water was outgassed before use by repeated freezing, pumping, and thawing. Na-hectorite was prepared by purifying the natural calcium clay from Hector, California, after removing the carbonate by repeated dispersion and centrifugation. Clay films adequate for IR and visible spectroscopy were prepared by sedimentation from diluted (1%) suspensions of Na-hectorite on a Millipore filter. After airdrying, the films were immersed in saturated solutions of Sn(IV)TPyP C12 in dimethyl formamide (DMF) for at least 24 hr at room temperature.
The films were air-dried and introduced into a vacuum cell fitted with NaC1 and quartz windows, where they could be pretreated at various temperatures, exposed to water vapor, and outgassed. This cell permitted IR, visible, and luminescence spectra to be recorded at constant temperature (-18~ To obtain the relative amount of water in the interlamellar space, the absorbance of the IR water deformation band was recorded on a Perkin Elmer model 180 infrared spectrometer. This band was present as a shoulder on the low frequency side of a complex band, described previously . It should be emphasized that before the measureme~rts, the films were sub- jected to at least one adsorption-desorption cycle to remove the organic solvent that could have been occluded within the interlamellar space. The UV-Vis absorbance measurements were carried out using a Beckman Acta M-IV spectrophotometer equipped with an integration sphere used for measurement on the clay films. The ratio of the absorption coefficients of the Soret bands of the TPyP dication to that of Sn(IV)TPyP in DMF solution was found to be 0.056, and it was assumed that this value did not change in the adsorbed state. The luminescence spectra were obtained using a FICA 55 MK II spectrofluorimeter. The band width of the exciting and emitted radiation was set at 7,5 nm.
RESULTS AND DISCUSSION

Absorbance data
The absorption spectra of hydrated and dehydrated hectorite films containing adsorbed Sn(IV)TPyP are shown in Figure 2 . For comparison, the spectra of TPyP and Sn(IV)TPyP in various liquid solvents are shown in Figure 3 . Fully hydrated films containing the adsorbed complex displayed one intense Soret band at (Figure 3a) . To discern the origin of this shift, the spectrum of Sn(IV)TPyP was recorded in an aqueous solution acidified with HC1 due to its low solubility in neutral water. This spectrum displayed a Soret band, as shown in Figure 3b , at 417 nm indicating that the observed shift between the DMF solution and the clay was due to solvent effects. These data indicate that the DMF had been completely removed from the sphere of the adsorbed complex by the prewashing procedure, leaving it in the aqueous environment of the interlamellar water. Similarly, the TPyP dication displayed a Sorer band at 462 nm in DMF which was shifted to 442 nm in aqueous solution.
As the water content of the clay was reduced, a shoulder at 445 nm progressively appeared and was finally resolved into a separate band (Figure 2b ). If doses of water vapor were added back, the 445 nm peak dis- lustrating the reversibility of the reaction. The ratio of the surface concentrations of the metaUocomplex to the dication was also calculated using the ratio of the absorption coefficients obtained in solution. As the water content went to zero, the protonation-demetallation reaction was completed in agreement with the XPS study (Canesson et al., 1978) . Further evidence for the demetallation-protonation reaction can be seen by comparing the multiply banded higher wavelength region of the visible spectra. The effect is most clearly apparent in the diminished intensity of the 550-nm band, relative to the other bands in this region, when going from a hydrated to a dehydrated clay. As can be seen in the solution spectra (Figure 3) , an intense 550-rim band is characteristic of the metallated porphyrin. However, no attempt was made to quantify the intensity changes in this region as a function of water content due to the weak overall intensity of these bands. Thus, the absorption spectra clearly show the interconversion between Sn(IV)TPyP and its demetallated dication. The invariance of the Soret band maximum between the free base TPyP and the aqueous Sn(IV)TPyP coupled with weak intensity of the higher wavelength bands of the adsorbed complex did not yield information about the relative quantities of protonated free base expected from reaction II in the above scheme. Thus, the spectral changes studied pertain to the combination of reactions II and III in this scheme.
Luminescence data
The luminescence spectra of a dehydrated sample of hectorite containing adsorbed Sn(IV)TPyP and exhibiting the absorption spectrum of Figure 2b are shown in Figure 5 . The two spectra shown in this figure resulted from excitation of the complex at 417 and 445 nm. In an attempt to assign the luminescence bands of the adsorbed complex, the emission spectra of TPyP and Sn(IV)TPyP in the various solutions discussed above were recorded and are shown in Figure 6 . Here it can be seen that the metallated complex exhibits emission bands at -600 and 650 nm upon excitation at 415 nm, whereas the free base TPyP exhibits bands at -650 and 715 nm upon excitation at the same wavelength. The band at 715 nm apparent in the Sn(IV)TPyP spectra is probably due to a small amount of the nonmetallated porphyrin present as an impurity. The acidification of the Sn(IV)TPyP solutions to at least 1 molar in HCI caused some changes in the relative intensities of the 600 and 650 nm bands, but did not significantly alter their positions. The spectra of the dication, when excited at its Soret-band maximum, exhibited a broad band whose maximum varied in position between 670 and 695 nm depending on the solvent. It is evident here that the 600 nm band is characteristic of the metallated complex. This is analogous to the results of Quimby and Longo (1975) on ZnTPP. The band at 650 nm is common to both the free base and metallated forms, whereas the broad band between 670 and 695 nm is certainly due to the dication. The presence of this band and the 600 nm band in the spectra of the complex adsorbed in the partially dehydrated clay, Figure 5 , unambiguously points to the existence of both the metallated and the dication forms in such a sample. Another important feature of the luminescence study is the presence of a broad band at -755 nm in the spectra of the adsorbed complex. This band was absent from the solution spectra and seemed to increase in intensity with decreasing water content. Furthermore, the excitation spectrum of this band exhibited a fairly sharp peak at 380 nm which was not present in the excitation spectra of any of the other luminescence bands. In their study of the orthosubstituted ZnTPP complex, Quimby and Longo (1975) reported a similar band at -760 nm in the spectra recorded at 77~ The orthosubstitution was suggested to increase the interaction between the phenyl ring ~r-system and the 7r-system of the porphin ring. This interaction was thought to be otherwise absent due to the large dihedral angle between the phenyl rings and the porphin plane. Its presence in the present spectra of the adsorbed complex could very well stem from a decrease in this dihedral angle when the complex is firmly held between the clay Sheets as has been previously suggested Cady and Pinnavaia, 1978) , In other words, the squeezing effect could "mechanically" achieve the coupling which is obtained chemically by orthosubstitution. This is further supported by the presence of the 380-nm excitation band, the appearance of which could very well stem from the interaction the 7r-system of the porphin nucleus with the substituent zr-systems, forming new levels characteristic of the overall system. Thus, experimental evidence has been presented here for the demetallation-protonation reaction suggested in the introduction. This is a remarkable result in view of the fact that in the classification of metalloporphyrins with respect to their stability towards acids (Buchler, 1975) , the Sn(IV) porphyrins belong to class I, i.e., they are not completely demetallated in 100% H2SO4. Figure 4 shows that demetallation should be complete at adsorbed water contents approaching zero. It is thus possible to obtain the demetallation-protonation reaction of Sn(IV)TPyP in the adsorbed state without introducing a common strong acid to the reaction medium.
Finally, the reversibility of the reaction, suggested by the data of Figure 4 , is quite remarkable. It indicates that, upon demetallation, the Sn 4+ cations remain in the vicinity of the porphyrin dications and are able to reenter the porphin rings as the water content of the clay increases and the H + concentration decreases.
